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(57)Abstract: 



PROBLEM TO BE SOLVED: To produce a heat resistant Mg allay molded member 
excellent in moldability and extensibility while its creep resistance is secured, in an Mg-AI 
Ca-Mn alloy, by specifying its compsn. and regulating the ratio of Ca/AI to a specified 
value or below. 

SOLUTION: An Mg alloy having a compsn. contg., by weight, 2 to 6% Al, 0.5 to 4% Ca, 
and the balance Mg, and in which the ratio of Ca/AI is regulated to ^0.8 is subjected to 
half-melting injection molding at a liquids temp, or below in which solid phases and liq. 
phases are coexistent. In this way, the heat resistant Mg alloy molded member such as 
automobile transmission parts or engine parts excellent in creep resistance can be obtd. Al 
is required by >2%, but, in the case of >6%, its elongation deteriorates even if the half- 
melting injection molding is executed. Ca is added for increasing its high temp, strength 
tending toward reduction accompanying the addition of Mg to Al, but, for preventing the 
reduction of its moldability and the elongation of the molded member, the ratio of Ca/AI is 
required to be suppressed to :^0.8. Moreover, ^0.15% Sr is preferably added as a refining 
agent. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use ot this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The heat-resistant Magnesium alloy shaping member which is a shaping member by which 
2 - 6 % of the weight of aluminum and 0.5 - 4 % of the weight of calcium were contained, the 
remainder consisted of magnesium and an unescapable impurity, and the calcium/aluminum ratio 
was fabricated from 0.8 or less Magnesium alloy, and is excellent in creep resistance. 
[Claim 2] The heat-resistant Magnesium alloy shaping member according to claim 1 in which a 
calcium/aluminum ratio has the creep resistance below the test temperature of 150 degrees C, and 
minimum creep rate 4xlO-10/S in test load 50MPa or less by 0.6. 

[Claim 3] The heat-resistant Magnesium alloy shaping member according to claim 1 or 2 in which a 
Magnesiimi alloy contains 0.15 more or less % of the weight of Sr. 

[Claim 4] The heat-resistant Magnesium alloy shaping member according to claim 1 to 3 whose 
diameter of average crystal grain is 30 micrometers or less. 

[Claim 5] The heat-resistant Magnesixmi alloy shaping member according to claim 1 to 4 whose 
shaping components are the transmission components for automobiles, or engine components. 
[Claim 6] The heat-resistant Magnesium alloy with which the creep resistance which was excellent 
with half-melting injection molding in the temperature below the liquidus line with which 2 - 6 % of 
the weight of aluminum and 0.5 - 4 % of the weight of calcium are contained, the remainder consists 
of magnesium and an imescapable impurity, and solid phase and the liquid phase are intermingled is 
acquired. 

[Claim 7] The heat-resistant Magnesium alloy according to claim 6 with which a Magnesiimi alloy 
contains 0.15 more or less % of the weight of Sr. 

[Claim 8] The heat-resistant Magnesium alloy according to claim 6 or 7 whose calcium/aluminum 
ratio is 0.8 or less. 

[Claim 9] The heat-resistant Magnesium alloy according to claim 8 whose calcium/aluminimi ratio is 
0.6 or less. 

[Claim 10] The heat-resistant Magnesium alloy according to claim 6 to 9 which is the metal grain or 
pellet gestalt which introduced internal distortion. 

[Claim 1 1] The shaping approach of a heat-resistant Magnesiimi alloy shaping member of excelling 
in the creep resistance characterized by carrying out half-melting injection molding of the 
Magnesium alloy according to claim 6 to 10 below at the hquidus-Une temperature to which solid 
phase and the liquid phase are intermingled. 

[Claim 12] The shaping approach of a heat-resistant Magnesium alloy member according to claim 1 1 
that the rate of solid phase at the time of a half-melting condition is 30% or less in case half-melting 
injection molding is performed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the heat-resistant Magnesium alloy shaping member 
which is excellent in especially a moldability and extensibility, the heat-resistant Magnesium alloy 
used for the shaping, and its shaping approach, securing creep resistance. 
[0002] 

[Description of the Prior Art] Also in the metallic material by which current utilization is carried out, 
a Magnesium alloy is a low consistency most and is strongly expected as future lighter weight 
materials for automobiles. The Magnesiimi alloy present most generally used is a Mg-aluminxma-Zn- 
Mn system alloy (for example, AZ91D alloy), its room temperature reinforcement is high, and since 
corrosion resistance is also good, it is applied to the gearbox casing for automobiles, the cylinder 
head cover, etc. However, in the temperature region exceeding 120 degrees C, a strength property 
begins to fall and there is a fault that especially creep resistance is inferior, and on real part article 
level, the bearing surface of the screw conclusion section passes and it leads to the problem of slack 
etc. 

[0003] On the other hand, as an alloy which has improved thermal resistance, AS41 Magnesiimi 
alloy of a Mg-aluminum-Si system is used, however — being heavy-gage for becoming a property 
with about 150 degrees C insufficient [ service temperature ], although it is better than the above- 
mentioned AZ91D, and moreover, securing demand reinforcement about creep resistance, since a 
room temperature and an elevated temperature have the low tensile strength property — not carrying 
out — it does not obtain but the problem that the lightweight-ized effectiveness of magnesium 
decreases arises. 

[0004] In addition, although there are alloys, such as QE22 which added silver, rare earth elements, 
etc. as an alloy which has improved thermal resistance, it is expensive and dies casting has a not 
suitable fault in respect of fluidity. 

[0005] Therefore, the Mg-alimiinimi-calcium-Mn system alloy (JP,6-25790,A) which is newly 
excellent in high temperature strength came to be proposed. It is supposed that the high-temperature- 
strength property which 0.7 and the organization gestalt of the sludge which will be crystallized in a 
Magnesium alloy if it carries out to 0.75 or more preferably changed, and the Mg-calcium compoimd 
crystallized the ratio of calcium/alimiinum, and was excellent comes to be shown especially here. 
[0006] 

[Problem(s) to be Solved by the Invention] However, it was easy to generate hot tearing, and when it 
is going to fabricate a member in dies casting in the high Magnesium alloy of a calcium/aluminum 
ratio, if molten metal temperature is high, with it, it has left the problem of being easy to generate the 
seizure to metal mold. This invention sets it as the 1st object to offer the heat-resistant Magnesiimi 
alloy shaping member which is excellent in a moldability and extensibility, securing the physical 
properties suitable for engine components, such as an automobile, etc., especially creep resistance in 
view of the technical problem which such a conventional technique has. The 2nd object of this 
invention is replaced with the dies casting used widely, and it is in offering the suitable shaping 
approach of the above-mentioned heat-resistant Magnesixun alloy shaping member. Furthermore, the 
3rd object of this invention is to offer the alloy presentation suitable for manufacturing the heat- 
resistant MagnesiimGi alloy shaping member which is excellent in a moldability and extensibility. 
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securing the above-mentioned creep resistance. 
[0007] 

[Means for Solving the Problem] If the half-melting fabricating method for perfomiing injection 
molding where it replaced v^th pressure die casting in the aluminum-calcium system Magnesium 
alloy and solid phase and the liquid phase are intemiingled is application as a result of repeating 
examination variously, in order that this invention persons may solve the above-mentioned technical 
problem While printing of metal mold could be prevented, it found out that the reinforcement 
excellent in the member fabricated could be given, but in order to maintain the condition that the 
solid phase and liquid phase were intemiingled, it is necessary to increase the addition of aluminum 
as much as possible. On the other hand, it adds m order for aluminum to dissolve with magnesium, 
to show age-hardening nature and to raise the mechanical property of an alloy, but in order to 
reinforce the high temperature strength in the incHnation to fall, with addition of the aluminum to 
magnesium, adding calcium so that a calcium/aluminum ratio may be held or more to 0.7 is 
recommended (JP,6-25790,A). However, in order that a Mg-calcium system compound might 
crystallize so much when it is easy to generate printing to a casting crack and metal mold at the time 
of shaping if there are many these amounts of calcium, there is an inclination for the elongation of a 
moldings to fall and it found out that it was necessary to make a calcium/aluminum ratio or less into 
0.8 rather. 

[0008] Then, based on above-mentioned both knowledge, 2 - 6 % of the weight of aluminum and 0.5 
- 4 % of the weight of calcium are contained, the remainder consists of magnesixmi and an 
unescapable impurity, this invention is the shaping member by which the calcium/aluminum ratio 
was fabricated from 0.8 or less Magnesium alloy, and it is to offer the Magnesium alloy shaping 
components which are excellent in a moldability and extensibility, securing creep resistance. 
Generally, in the Magnesium alloy, it dissolves with magnesium and age-hardening nature is shown, 
and in order to raise the mechanical property of an alloy, it is supposed that it is desirable to add 2 - ' 
10 % of the weight of aluminum. On the other hand, although aluminum needs to be added 2% of the 
weight or more in this invention, if 6 % of the weight is exceeded, even if it performs half-melting 
injection molding, elongation will fall. Therefore, in order to attain expected effectiveness, 
performing half-melting injection molding, it is restricted to 6 or less % of the weight. On the other 
hand, although it is added in order to reinforce the high temperature strength in the inclination to fall, 
with addition of the aluminum to magnesium, calcium needs to press down a calcium/aluminum 
ratio or less to 0.8 so that elongation of a moldability and a shaping member may not be fallen, and, 
moreover, is restricted to 0.5 - 4% of the weight. 

[0009] Although strontium is used as a detailed-ized agent in casting of magnesiimi, since the 
detailed-ized effectiveness of solid phase can be demonstrated also in the half-melting injection- 
molding method concerning this invention, adding is desirable. 0.15 or less % of the weight is 
suitable for an addition. 

[0010] The above-mentioned shaping components have a diameter of crystal grain by 30 
micrometers or less more than tensile strength ISOMPa (298 degrees K: refer to drawing 9 ), and the 
outstanding creep resistance which is moreover the test temperature of 150 degrees C and below 
minimum creep rate 4x10-10/8 in test load 50MPa is shown (based on the creep-under-tensile-force 
test method of a JISZ 2271 "metallic material"). Therefore, it is suitable for the transmission 
components for automobiles, or engine components. Especially when a calciimi/aluminum ratio is 
0.6 or less, it excels in creep resistance. 

[001 1] moreover, in this invention, as an alloy raw material used for shaping of the above-mentioned 
Magnesium alloy shaping components 2 - 6 % of the weight of aluminum, and 0.5 - 4 % of the 
weight of calcium containing - an impurity with the as unescapable remainder as magnesium, if it 
comes to contain 0. 1 5 more or less % of the weight of Sr and it is required preferably A 
calcium/aluminum ratio also tends to offer the heat-resistant Magnesium alloy which is excellent in a 
moldability and extensibility, a calcium/aluminum ratio securing preferably the creep resistance 
which was excellent with half-melting injection molding adjusted to 0.6 or less 0.8 or less. 
[0012] Especially as an alloy raw material, when fabricating by the half-melting injection-molding 
method, it is found out that it is effective in the formation of crystal detailed that it is the metal grain 
or pellet gestalt which introduced internal distortion (refer to drawing 10 ). As the processing 
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method, cutting is advantageous in cost. 

[0013] Furthermore, it replaces with pressure die casting, and when considering the half-mehing 
injection-molding method for performing injection molding where solid phase and the liquid phase 
are intermingled as application, it can carry out at the temperature below the low-temperature 
liquidus line from pressure die casting. Therefore, the shaping approach of a heat-resistant 
Magnesium alloy member of excelling in a moldability and extensibility is also offered, securing the 
creep resistance characterized by this invention carrying out half-melting shaping of the Magnesiimi 
alloy of the above-mentioned publication in the condition that the solid phase below liquidus-line 
temperature and the liquid phase are intermingled. 

[0014] In order to inject dies casting at the temperature below the liquidus line with half-melting 
injection molding of this invention to generally injecting in metal mold at the molten metal 
temperature of 30-50 degrees C on melting temperature, injection temperature at least will fall by 30- 
60 degrees C or more. Therefore, printing to metal mold can be prevented. 
[0015] First of all, since it is the coagulation from half-melting and coagulation stress becomes 
small, it is thought by using this approach that generating of hot tearing can be controlled, 
[0016] Especially, the effect affect floating length in 30% or less of rates of solid phase in the half- 
melting fabricating method becomes remarkable (refer to drawing 8 ), and such prevention and 
effectiveness have it in generating of hot tearing. [ effective for control ] Therefore, in case this half- 
melting shaping is performed, it is desirable that the rate of solid phase at the time of a half-melting 
condition is 30% or less. It is thought that seizure and coagulation stress is also advantageous so that 
the rate of solid phase is generally high, but by this invention approach, since a fluidity will fall if the 
rate of solid phase is high, lowering of restoration nature and generating of a cold shut tend to take 
place, and it becomes difficult to obtain a healthy shaping member. 
[0017] When especially the mean particle diameter of such solidification structure was 30 
micrometers or less, it was found out that especially an elongation value improves greatly. 
[001 8] Two or less % of the weight and/or 4 or less % of the weight (for example, an jmrium, 
neodiimi, a lanthanum, a cerium, a misch metal) of**** elements may be contained for at least one 
sort of elements chosen from the group which the above-mentioned Magnesium alloy becomes from 
zinc, manganese, a zirconium, and silicon further. These raise effectively the reinforcement or high 
temperature strength of the above-mentioned Magnesixrai alloy below in the upper limit. 
[0019] 

[Embodiment of the Invention] The whole making machine 1 configuration used for the half-melting 
fabricating method which starts this invention at dravying 1 is shown. By the shaping approach of 
this invention, the Magnesium alloy metal grain produced by approaches, such as a cut of a machine, 
by the hopper 8 in drawing or the raw material 3 of a pellet (3 mm or more of diameters) is thrown in. 
A raw material 3 is supplied in a cylinder 4 through the pass gate 7 of an argon ambient atmosphere 
from a hopper 8. Within this cylinder 4, while a raw material 3 is ahead sent on a screw 2, it is 
heated. 10 shows this heating zone. The Magnesium alloy raw material 3 will be in the half-melting 
condition that solid phase and the liquid phase were intermingled as illustrated, at the temperature 
below the liquidus line, although whenever [ stoving temperature ] will be in a melting condition in 
the abbreviation liquidus line. Moreover, as for the Magnesium alloy in a half-melting condition, the 
shearing force divides solid phase finely like a graphic display by revolution churning of a screw. 
Here, when a screw 2 is ahead extruded by the back high-speed injection device 5, in the state of 
half-melting, finely, high-speed injection will be carried out like [ nozzle / 9 ] a graphic display, and 
it v^U fill up with the molten metal to which beating of the solid phase was carried out in metal mold 
6. Here, application-of-pressure maintenance of the inside of metal mold is carried out to 
coagulation, and an apertiu-e shaping product is taken out for the mold after coagulation. 
[0020] The iron crucible was installed in one to examples 1-7 and example of comparison 5 low 
frequency fiimace, and the alloy of the component of an example and the example of a comparison 
was ingoted, making SF6 gas 1% (** being a dried air) flow on a molten metal front face. These 
alloys were cast on the plate, the pellet of the diameter of 3 -5mm was manufactured with milling, 
and half-melting shaping was performed using the above-mentioned making machine by making 
these into a raw material. 
[0021] 
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[0022] Using the machine of 450t of mold clamp force, an injection speed is about 700kg/cm2 in 50 
m/s and injection pressure in the metal mold gate section, and, as for both half-melting shaping, the 
condition set the temperature of the alloy of the nozzle section as the temperature of 550-580 degrees 
C below the liquidus line. In the above process condition, a test piece for tensile test (JTS No. 4 test 
piece) is created, and it is JIS. Z 150 degrees C and the creep property in 50MPa were examined with 
the creep-under-tensile-force test method based on 2271. A result is shown in drawing 2 . It turns out 
that AS41 presupposed that the Magnesium alloy concerning this invention excels AZ91D of the 
example 3 of a comparison in creep resistance is excelled in a creep-proof property. 
[0023] Moreover, breaking strength and elongation after fracture were measured with the Instron 
tension tester at a part for lOmm/in crosshead rate, and the measurement temperature of 25 degrees 
C. A result is shoAvn in a table 2. Although the example 2 of a comparison, aluminum, and calcium 
with which alumimun exceeds two to range 6 weight of this invention are in the range of this 
invention, to the example 4 of a comparison for which a calcium/aliuninum ratio exceeds 0.8, 2-6 
% of the weight of alimiinum and 0.5 - 4 % of the weight of calcium are contained, and it tums out 
that a calcium/aluminum ratio shows the elongation excellent in 0.8 or less example. 
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[0025] Then, in the example and the example of a comparison, the relation between a 
calcium/aluminum ratio and the above-mentioned elongation was illustrated to drawing 3 . When a 
calcium/aluminum ratio will exceed 0.8 from now on, it tums out that elongation falls rapidly. Then, 
when the relation between a calcium/aliiminimi ratio and the minimum creep strain rate is found, it 
tums out that it becomes a smaller creep strain rate when a calcium/aluminum ratio is 0.6 or less 
(example 2), as shown in drawing 6 , and it excels in a creep-proof property further. 
[0026] Moreover, when the fluidity of a graphic display was secured and half-melting shaping was 
performed using the test mold shown in drawing 4 , the result shown in a table 3 was obtained. 
Although the casting crack arose in the body upper bed overflow side when the calcium/aluminxmi 
ratio approached 1 from this, calcium/alvmiinum did not generate such any casting crack or less in 
0.8. 
[0027] 
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[0028] if the residence time at the time of casting generally becomes long — the diameter of solid 
phase — rapid — increasing (example 2 of drawing 5 ) — when strontium is added, it tums out that 
crystal detailed-ized effectiveness can work and buildup of the diameter of solid phase by the 
residence time can be controlled. 

[0029] the fluidity nature assessment shown in drawing 7 using the alloy raw material of an example 
2 — public funds — change half-melting molding temperature to a mold, changed the rate of solid 
phase in a molten metal, the molten metal was made to invade towards a graphic display, and the 
fluidity nature was evaluated. A result is shown in drawing 8 . If 30% of rates of solid phase is 
exceeded from this result, floating length will descend rapidly. Since this fluidity affects the diameter 
of organization crystal grain of a shaping member, it tums out that it is desirable to fabricate in the 
half-melting fabricating method in the condition of 30% or less of rates of solid phase. 
[0030] Although it is used in half-melting shaping by making a Magnesiimi alloy raw material into 
the gestalt of a metal grain or a pellet Since this metal grain generates the nucleus of a 
recrystallization grain and increases the diameter of solid phase after carrying out it for a while after 
heating if processing distortion is given to the interior by cutting etc. If the metal grain which has the 
case where a metal grain without processing distortion is used, and processing distortion is 
compared, as shown in drawing 10 , the growth rates of solid phase differ, and he can understand 
that the way of the latter is excellent in detailed-ization of the diameter of crystal grain of a shaping 
member. 
[0031] 

[Effect of the Invention] Since the shaping member which controls a calcium/aliuninmn ratio in a 
Mg-alimiinum-calcium system heatproof Magnesiimi alloy member, and is excellent in a hot creep- 
proof property can be obtained by the above explanation according to this invention so that clearly, 
engine components, such as transmission components for automobiles, such as a clutch piston and a 
clutch drum, and a rocker arm, can be manufactured with a lightweight Magnesium alloy, and 
sufficient endurance can be given. Moreover, in this invention, elongation can be held in equivalent 
to a conventional method or the ordinary temperature beyond it, and a high-temperature-strength list, 
solving the technical problem of the seizure to a hot-tearing metallurgy mold by the conventional 
pressure die casting by canying out half-melting shaping at the temperature below the liquidus line. 
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Abstract of JP9272945 

PROBLEM TO BE SOLVED: To produce a heat 
resistant Mg allay molded member excellent in 
moldability and extensibility while its creep resistance 
is secured, in an Mg-Al- Ca-Mn alloy, by specifying 
its compsn. and regulating the ratio of Ca/Al to a 
specified value or below. SOLUTION: An Mg alloy 
having a compsn. contg., by weight, 2 to 6% Al, 0.5 to 
4% Ca, and the balance Mg, and in which the ratio of 
Ca/Al is regulated to <=0.8 is subjected to half- 
melting injection molding at a liquids temp, or below 
in which solid phases and liq. phases are coexistent. In 
this way, the heat resistant Mg alloy molded member 
such as automobile transmission parts or engine parts 
excellent in creep resistance can be obtd. Al is 
required by >=2%, but, in the case of >6%, its 
elongation deteriorates even if the half- melting 
injection molding is executed. Ca is added for 
increasing its high temp, strength tending toward 
reduction accompanying the addition of Mg to Al, but, 
for preventing the reduction of its moldability and the 
elongation of the molded member, the ratio of Ca/Al 
is required to be suppressed to <=0.8. Moreover, 
<=0.15% Sr is preferably added as a refining agent. 
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The present invention relates to a heat-resistant magnesium alloy member having an excellent molding 
property and an excellent elongation property while keeping creep resistance property, its starting alloy 
compound, and a method of preparing the heat-resistant magnesium alloy member. 

Magnesium alloy is the most low density one of the metal materials which are in practically use at present, 
and is strongly expected as a lightweight material for automobiles in future. The magnesium alloy which is 
most popularly used at present is Mg-Al-Zn-Mn alloy (e.g., AZ91D alloy), and as it has a high strength at a 
room temperature and a good corrosion resistance, it is applied to transmission cases for an automobile, 
cylinder head covers, and the like. However, it has such defects that, at a temperature range exceeding 120 
DEG C, it begins to show loss of strength characteristics, and especially becomes inferior in creep resistance, 
leading to a problem of yielding of bearing surface of the screw tightening part on the level of the packaged 
product. 

On the other hand, as an aluminum alloy having an improved heat-resistance, there is used Mg-Al-Si AS41 
magnesium alloy. However, though said alloy shows better creep resistance than the above AZ91D, it shows 
insufficient characteristics in the neighborhood of 150 DEG C of the use temperature, and moreover, as it 
shows low tensile strength characteristics at both room temperature and high temperature, it is required to be 
of thick wall to secure the required strength, thereby providing a problem of lowering the weight lightening 
effect due to magnesium materials. 

Besides, there are alloys such as QE22 with addition of silver or rare earth metals to improve a heat 
resistance thereof, but they have defects of being expensive and not suited to die-cast due to a poor casting 
property. 

For the above reasons, there came to be newly proposed Mg-Al-Ca-Mn alloy (Japanese Laid-open Patent 
Publication HEI6-25790/1994) having excellent strength at high temperature. Here, it is said that, especially 
when the Ca/Al ratio is set to be more than 0.7, preferably more than 0.75, precipitates to be crystallized in 
the magnesium alloy convert into Mg-Ca compounds which crystallize, resulting in production of high 
temperature strength characteristics. 

However, it has been found that, in a case of die-casting a member with a magnesium alloy having a high 
Ca/Al ratio, there often occur hot cracks, and due to a high melting temperature there easily occurs seizure to 
the metal mold. 

In view of the problems held by the conventional techniques as above, a first object of the present invention 
is to provide a heat-resistant magnesium alloy member having excellent molding property and elongation 
while maintaining the physical properties, especially creep resistance, suited to the engine parts of 
automobiles and the like. 

A second object of the present invention is to provide a pertinent molding method for preparing the above 
heat-resistant magnesium alloy member in place of conventional die-cast methods. 

Further, a third object of the present invention is to provide an alloy composition suited for producing a heat- 
resistant magnesium alloy member having the excellent molding property and elongation while maintaining 
the creep resistance. 

As a result of the repeated reviews to solve the above problems, the present inventors have found out that, in 
the Al-Ca magnesium alloy, when a semi-solid molding method of injection molding under the state of solid 
phase and liquid phase being present in mixture is applied in place of the die-cast method, the seizure of 
metal mold can be prevented, and also an excellent strength can be imparted to the molded member. 
However, in order to maintain the state of presence in mixture of solid phase and liquid phase, it is necessary 
to increase the addition emiount of aluminum as large as possible. 

On the other hemd, aluminum dissolves in magnesium in solid state and shows age-hardening, and it is added 
to increase the mechanical properties of alloy, but it is recommended to add calcium so as to maintain the 
Ca/Al ratio to 0.7 or more to strengthen the high temperature strength which is in a tendency to be lowered 
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by the addition of Al to Mg (Japanese Patent Laid-open Publication HEI6-25790/1994). However, when the 
Ca amount is large, casting cracks and seizure to metal mold often occur in molding, and additionally, a large 
amount of Mg-Ca compound crystallizes, with the result that there is a tendency of lowering of the 
elongation of the molded product, and it has been found that it is rather necessary to make the Ca/Al ratio no 
more than 0.8. 

Accordingly, in the present invention, based on the above two findings, there is provided a magnesium alloy 
molding member comprising 2 to 6% by weight of aluminum and 0.5 to 4% by weight of calcium, and the 
balance of magnesium and unavoidable impurities, wherein a Ca/Al ratio is no more than 0.8, to have an 
excellent anti-creep property, molding property, and elongation. 

In general, in the magnesium alloy, in order to obtain solid phase dissolution in magnesium, to exhibit age- 
hardening, and to elevate mechanical strength, it has been understood to be preferable to add 2 - 10% by 
weight of aluminum. While it is necessary in the present invention to add more than 2% by weight of 
aluminum, when the amount of addition exceeds 6% by weight, it has been found that the elongation is 
lowered even if the semi-solid injection molding would be carried out. Accordingly, in order to obtain the 
designed effect while carrying out the semi-solid injection molding, it has been found that the addition 
amount should be limited to no more than 6% by weight.On the other hand, calcium is added to increase the 
high temperature strength which is in a tendency to be lowered by the addition of aluminum to magnesium, 
but it has been found that it is necessary to suppress the Ca/Al ratio to no more than 0.8 to prevent lowering 
of the molding property and elongation of the molding member, and in addition, the Ca amount should be 
limited to 0.5 - 4% by weight. 

Strontium is used as a micronizing agent in the casting of magnesium, and as it can display the micronizing 
effect in solid phase in the semi-solid injection molding of the present invention, it is preferably added. The 
suitable addition amount is no more than 0.15% by weight. 

The above molding member shows the crystal particle size of no more than 30 mu m with the tensile strength 
of 180 Mpa (298 DEG K; ref. Fig. 9) or more, and excellent creep resistance of the minimum creep rate of no 
more than 4 x 10<-10>/S under the test temperature of 150 DEG C and the test load of 50 MPa (according to 
JIS Z 2271 "method of tensile creep test of metal material"). Accordingly, it is suitable for the transmission 
part or engine part for automobiles. Especially, when the Ca/Al ratio is no more than 0.6, the molding 
member shows a more excellent creep resistance. 

The present invention is to provide a heat-resistant magnesium alloy material to be molded by a semi-solid 
injection molding while maintaining excellent creep resistance property with the excellent molding property 
and elongation, comprising as an alloy material to be used for molding the above magnesium alloy molding 
part heat-resistant magnesium comprising 2 to 6% by weight of aluminum and 0.5 to 4% by weight of 
calcium, and the balance of magnesium and unavoidable impurities, and preferably further Sr of no more 
than 0.15% by weight, with adjustment, if necessary, of a Ca/Al ratio of no more than 0.8, preferably a Ca/Al 
ratio of no more than 0.6. 

Especially, as for the alloy material, in case of molding by a semi-solid injection molding method, it has been 
found that the material in the form of metal particles or pellets into which internal strain is introduced is 
effective for micronizing the crystals (ref. Fig. 10). As for the processing method for the metal particles or 
pellets, a cutting method is advantageous costwise. 

Further, in case of applying a semi-solid injection molding wherein an injection molding is carried out in the 
state of a solid phase and a liquid phase being present in mixture, practice can be made at a temperature 
lower than a liquidus temperature. Accordingly, the present invention is to provide a method for molding a 
heat-resistant magnesium alloy member characterized by carrying out a semi-solid injection molding, while 
maintaining an excellent creep resistance property with having an excellent molding property and elongation. 

Against the fact that the die-cast method is in general to make injection into the metal mold at a temperature 
of 30 - 50 DEG C above a melting temperature, in the semi-solid injection molding of the present invention, 
injection can be made at a temperature higher than the solidus temperature of the alloy and lower than the 
liquidus temperature, and accordingly the injection temperature is lowered by at least 30 - 60 DEG C, so that 
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It can be understood that, since solidification takes place from a semi-solid state in the present invention, and 
coagulation stress therewith becomes small, generation of hot cracking can be prevented due to this method 
mechanism. 

Especially, in the semi-solid molding method, in the range of no more than 30% by weight of the solid phase 
rate, these prevention and effect on a flow length become remarkable (ref. Fig. 8), and the generation of hot 
cracking can be effectively prevented. Accordingly, in case of carrying out the semi-solid molding, the solid 
phase ratio in the semi-solid state is preferably no more than 30%. In general, it has been understood that a 
higher solid phase ratio is more advantageous for the seizure and coagulation stress, but in the present 
invention method, when the solid phase rate is high, the fluidity is lowered to give a tendency of lowering in 
filling property and generation of cold shut, thereby making it difficult to obtain a sound molding member. 

It has been found that, especially when the average particle size of these coagulation textures is no more than 
30 mu m, the elongation amount shows specially large improvement. 

The above magnesium alloy may further contain no more than 2% by weight of at least one element selected 
from the group consisting of zinc, manganese, zirconium, and silicon, and/or no more than 4% by weight of a 
rare earth metal (e.g., yttrium, neodymium, lanthanum, ceriumi, misch metal). These are to improve the 
strength or high temperature strength of the above magnesium alloy effectively in the range no more than the 
upper limit thereof. 

Fig. 1 is a schematic diagram showing the constitution of the molding machine to be used for the semi-solid 
molding process and injection molding process according to the present invention. 

Fig. 2 is a graph for making comparison of the creep characteristics of various magnesium alloy molding 
members. 

Fig. 3 is a graph to show the relations between the Ca/Al ratio and the elongation at room temperature in 
various magnesium alloy molding members. 

Fig. 4 is a schematic diagram showing a metal mold for testing casting cracks. 

Fig. 5 is a graph showing the relation between the solid phase diameter and the staying time. 

Fig. 6 is a graph showing the minimum creep strain rates of various magnesium alloy molding members. 

Fig. 7 is a schematic diagram showing the metal mold for evaluating the flowing properties of various 
magnesium alloys. 

Fig. 8 is a graph showing the relations between the solid phase ratio and the flowing length in the alloy 
composition in Example 2 measured by using a metal mold of Fig. 7. 

Fig. 9 is a graph showing the relations between the average crystal particle size and the tensile strength of the 
member molded from the alloy composition of Example 3. 

Fig. 10 is a schematic diagram showing the solid phase growth stages in the cases of using the metal particles 
having no work strain and those having the work strain. 

In Fig. 1, there is shown the whole constitution of the molding machine 1 to be used for the semi-solid 
molding method according to the present invention. In the molding method of the present invention, the 
material 3 of magnesium alloy metal particles or pellets (more than 3 mm in diameter) manufactured by the 
method of cutting or the like is charged into the hopper 8 in the drawing. The material 3 is supplied to the 
cylinder 4 from the hopper 8 through the inlet 7 of argon atmosphere. In this cylinder 4, the material 3 is 
heated while being sent forward by the screw 2. This heating zone is shown by the mark 10. At an 
approximate liquidus temperature of heating, the magnesium alloy material 3 shows a molten state, but at a 
level lower than the liquidus temperature the material becomes semi-solid condition in which the solid phase 
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and the liquid phase are present in mixture, as illustrated. Also, in the magnesium alloy which is in a semi- 
solid condition, its shearing force acts to separate the solid phase finely as illustrated by agitation by the 
screw rotation. Here, when the screw 2 is pushed forward with the rear high speed injection mechanism 5, 
the molten material in which the solid phase has been finely cut under the semi-solid state is injected at high 
speed from the nozzle 9 as illustrated and filled in the metal mold 6.Here, the contents in the metal mold are 
held under pressure until solidification, and thereafter the metal mold is opened to take out the molding 
product. 



Examples 1-7 and Comparative Examples 1-5 



An iron crucible is installed in a low frequency furnace, and while flowing 1% of the SF6 gas (rest is dry air) 
on the surface of the molten material, the alloys having the components of Examples and Comparative 
Examples were prepared by melting. The resulting alloys were cast on a plate to prepare 3-5 ram diameter 
pellets by milling.Using these as raw materials, semi-solid molding was carried out by using the above 
molding machine. 

<tb><TABLE> Id=[Table 1] Colunms=8 OR=L 
<tb> 

<tb>Head Col 1: 
<tb>Head Col 2: 

<tb>Head Col 3 to 8: Chemical Composition (Wt.%) 
<tb> 

<tb>SubHead Col 1: 
<tb>SubHead Col 2: 
<tb>SubHead Col 3: Al 
<tb>SubHead Col 4: Ca 
<tb>SubHead Col 5: Si 
<tb>SubHead Col 6: Mn 
<tb>SubHead Col 7: Sr 
<tb>SubHead Col 8:Mg 

<tb>Example l<SEP>Mg-3Al-2Ca<SEP>2.98<SEP>2.05<SEP>0.30<SEP>0.25<SEP>-<SEP>Remainder 
<tb>Example 2<SEP>Mg-4Al-2Ca<SEP>3.95<SEP>2.02<SEP>0.30<SEP>0.32<SEP>-<SEP> &uarr& 
<tb>Example 3<SEP>Mg-4Al-3Ca<SEP>4.02<SEP>3.06<SEP>0.25<SEP>0.28<SEP>-<SEP> &uarr& 
<tb>Example 4<SEP>Mg-6Al-3Ca<SEP>5.97<SEP>3. 10<SEP>0.28<SEP>0.30<SEP>-<SEP> &uarr& 
<tb>Example 5<SEP>Mg-4Al-2Ca-0.03Sr<SEP>3.87<SEP>2.06<SEP>0.25<SEP>0.25<SEP>0.03<SEP> 
&uarr& 

<tb>Example 6<SEP>Mg-4Al-2Ca-0.09Sr<SEP>4.02<SEP> 1 .98<SEP>0.30<SEP>0.23<SEP>0.09<SEP> 
&uarr& 

<tb>Example 7<SEP>Mg-4Al-2Ca-0.15Sr<SEP>4.05<SEP>2.10<SEP>0.23<SEP>0.25<SEP>0.15<SEP> 
&uarr& 

<tb>Comparative Example 1<SEP>ASTM AS41 Equivalent<SEP>4.39<SEP>- 
<SEP>0.45<SEP>0.28<SEP>-<SEP> &uarr& 

<tb>Comparative Example 2<SEP>Mg-9Al-0.5Ca<SEP>8.70<SEP>0.49<SEP>0.90<SEP>0.21<SEP>- 
<SEP> &uarr& 

<tb>Comparative Example 3<SEP>ASTM AZ91D Equivalent<SEP>8.84<SEP>- 
<SEP>0.02<SEP>0.22<SEP>-<SEP> &uarr& 

<tb>Comparative Example 4<SEP>Mg-4Al-4Ca<SEP>4.02<SEP>3.96<SEP>0.32<SEP>0.32<SEP>- 
<SEP> &uarr& 

<tb>Comparative Example 5<SEP>Mg-3Al-3Ca<SEP>2.75<SEP>2.7 1<SEP>0.27<SEP>0.36<SEP>- 

<SEP> &uarr& 

<tb></TABLE> 

For the semi-solid molding, a machine having the clamping force of 450 1 was used under the conditions of 
injection speed at the metal mold gate part of 50 m/s, injection pressure of about 700 kg/cm<2>, and the 
temperature of the alloy at the nozzle part was set to be lower than the liquidus level of 550 > 580 DEG C. 
Under the above molding conditions a tensile test piece (JIS No.4 test piece) was prepared, with which the 
creep property at 150 DEG C, 50 MPa was examined by the tensile creep test method based on JIS Z 2271. 
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The results are shown in Fig. 2. It can be seen that the magnesium alloy of the present invention is more 
excellent in creep resistance characteristic than AS41 which is commented as being superior in creep 
resistance to AZ91D of Comparative Example 3. 

Further, the breaking strength and breaking elongation were measured with an instron tensile tester at a cross 
head rate of 10 mm/min. and at a measuring temperature of 25 DEG C. The results are shown in Table 2. It 
can be seen that, in comparison with Comparative Example 2 in which the aluminum content exceeds the 
present invention range of 2 - 6% by weight and Comparative Example 4 in which the aluminum and 
calcium contents lie within the present invention range but the Ca/Al ratio exceeds by 0.8, the Examples 
containing 2 - 6% by weight of aluminum and 0.5 - 4% by weight of calcium and having the Ca/Al ratio of 
no more than 0.8 show excellent elongation. 
<tb><TABLE> Id=[Table 2] Columns=4 
<tb> 

<tb>HeadCol 1: 

<tb>Head Col 2: Al amount (Wt.%) 

<tb>Head Col 3: Ca amount (Wt.%) 

<tb>Head Col 4:Elongation (%) 

<tb>Example 2<SEP>3.95<SEP>2.02<SEP>6.7 

<tb>Example 3<SEP>4.02<SEP>3.06<SEP>7.0 

<tb>Example 4<SEP>5.97<SEP>3. 10<SEP>5.2 

<tb>Comparative Example 2<SEP>8.70<SEP>0.49<SEP>0.8 

<tb>Comparative Example 4<SEP>4.02<SEP>3.96<SEP>1.2 

<tb></rABLE> 

Then, in Examples and Comparative Examples, the relations between the Ca/Al ratio and the above 
elongation are illustrated in Fig. 3, from which it can be seen that when the Ca/Al ratio exceeds 0.8, the 
elongation is sharply lowered. In this connection, when the relations between the Ca/Al ratio and the 
minimum creep rate of strain are observed, as shown in Fig. 6, in case of the Ca/Al ratio being no more than 
0.6 (Example 2), the smaller creep rate of strain is shown, and it can be seen that the creep resistance 
property becomes more excellent. 

Further, when the semi-melting molding was carried out by using the metal mold for test as shown in Fig. 4 
and securing the illustrated running, there were obtained the results as shown in Table 3. As a result, it was 
seen that when the Ca/Al ratio approached 1, casting cracks were formed on the overflow side at the top end 
of the cylindrical part, but at the Ca/Al ratio of no more than 0.8, no such casting crack was formed at all. 
<tb><TABLE> Id= [Table 3] Colunms=3 
<tb> 

<tb>HeadCol 1: 

<tb>Head Col 2: Ca/Al weight ratio 
<tb>Head Col 3: Casting crack formed or not 
<tb>Example l<SEP>0.69<SEP>No 
<tb>Example 2<SEP>0.5 1 <SEP>No 
<tb>Example 3<SEP>0.76<SEP>No 
<tb>Example 4<SEP>0.52<SEP>No 
<tb>Comparative Example l<SEP>0.99<SEP>Yes 
<tb>Comparative Example 5<SEP>0.99<SEP>Yes 
<tb></TABLE> 

In general, when the staying time in casting is extended, the solid phase diameter is sharply increased 
(Example in Fig. 5), but it can be seen that, when strontium is added, the crystal micronizing effect is 
actuated to suppress the increment in the solid phase diameter attributed to the staying time. 

Using the alloy material of Example 2, the semi-solid molding temperature was varied in the metal mold for 
evaluating flowing property as shown in Fig. 7, the molten material was introduced in the illustrated 
direction, and its flowing property was evaluated. The results are shown in Fig. 8. From the results it can be 
seen that, when the solid phase rate exceeds 30%, the flow length is sharply lowered, and as this flow gives 
effect on the particle size of the texture crystals of the molding material, desirably the molding is made under 
the solid phase condition of no more than 30% in the semi-solid molding method. 
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In the semi-solid molding, the magnesium alloy material is used in the fomi of the metal particles or pellets. 
When work strain is given inside the metal particles by cutting work or the like, the metal particles form the 
nuclei of recrystalUzation shortly after the heating, and increase the solid phase diameter. Therefore, when 
comparison is made between the case of using the metal particles having no work strain and that of using the 
metal particles having work strain, it can be understood that the growth rates of the solid phase are different 
as shown in Fig. 10, and the latter is superior to the former in the point of micronization of the crystal particle 
size of the molding member. 

As will be apparent from the above description, according to the present invention, it is possible to obtain a 
molding member having excellent creep resistance characteristic at high temperature by controlling Ca/Al 
ratio in Mg-Al-Ca heat resistant magnesium alloy member. Therefore, it is possible to produce the 
transmission parts for automobiles such as clutch piston and clutch dmm and engine parts such as rocker arm 
with the lightweight magnesiimi alloy to give a sufficient durability. 

Further, according to the present invention, by carrying out semi-solid molding at a temperature lower than 
the liquidus level, the problems of hot crack and seizure to the metal mold which had been remarkable in the 
conventional die-cast process are dissolved, and on the other hand, the strength at room temperature and high 
temperature along with elongation equivalent to or higher than those of the conventional process can be 
retained. 



Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: EP0799901 



1 . A heat-resistant magnesium alloy member having excellent creep resistance property which comprises 2 to 
6% by weight of aluminum and 0.5 to 4% by weight of calcium, and the balance of magnesium and 
inevitable impurities, wherein a Ca/Al ratio thereof is no more than 0.8. 

2. The heat-resistant magnesium alloy member according to Claim 1, having a Ca/Al ratio of no more than 
0.6, and creep resistance property of no more than 4 x 10<-10>/S of minimum creep rate under the test 
temperature of 150 DEC C and the test load of 50 Mpa. 

3. The heat-resistant magnesium alloy member according to Claim 1 or 2, wherein the magnesium alloy 
ftirther contains no more than 0.15% by weight of Sr. 

4. The heat-resistant magnesium alloy member according to any one of Claims 1 to 3, wherein the average 
particle size of the crystals is no more than 30 mu m. 

5. The heat-resistant magnesium alloy member according to any one of Claims 1 to 4, wherein the molding 
parts are the transmission parts or engine parts for automobiles. 

6. A heat-resistant magnesium alloy composition comprising 2 to 6% by weight of aluminum and 0.5 to 4% 
by weight of calcium, and the balance of magnesium and inevitable impurities, which gives excellent creep 
resistance property by a semi-solid injection molding at a temperature range between a solidus temperature 
of the alloy and a liquidus temperature of the alloy wherein the solid phase and the liquid phase are present in 
mixture. 

7. The heat-resistant magnesium alloy composition according to Claim 6, wherein the magnesium alloy 
further contains no more than 0.15% by weight of Sr. 

8. The heat-resistant magnesium alloy composition according to Claim 6 or 7, having a Ca/Al ratio of no 
more than 0.8. 

9. The heat-resistant magnesium alloy composition according to Claim 8, having a Ca/Al ratio of no more 
than 0.6. 
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10. The heat-resistant magnesium alloy composition according to any one of Claims 6 to 9, being in the form 
of metal particles or pellets into which internal strain is introduced. 

1 1. A method of molding a heat-resistant magnesium alloy having excellent creep resistance property, which 
comprises preparing an alloy composition comprising 2 to 6% by weight of alun^num and 0.5 to 4% by 
weight of calcium, and the balance of magnesium and inevitable impurities; 

subjecting said alloy composition to a semi-solid injection molding at a temperature range between a solidus 
temperature of the alloy and a liquidus temperature of the alloy wherein a solid phase and a liquid phase are 
present in mixture. 

12. The method of molding a heat-resistant magnesium alloy member according to claim 11, wherein the 
solid phase rate in semi-melt state is no more than 30% at the time of carrying out an injection molding. 

Data supplied from the esp@cenet database - Worldwide 
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100021 



V'>i5fLTV'>l>V:?':t->-'7A-^#{iMg-A 1 -Zn-M 
v^^. L*-L^A^'^, 1 2 0°C2r@i.S?aSl^T'{i^Jg 

tf'ik*). m:^s,i^^)ux'ii:^imms^<ommi)^^h^ 

k'<7)^mi,zmti<^. 

[0003] fiii^r. mm^^is^mLtc-^^t lxums 

- A 1 - S i ^(r>A S 4 1 ^i?'^i^^M.'^iJ^mm^iX 

x\.^^. Li}^L^iiti>. mi^ o-ymzmLxi±±tiA 
z 9 1 D i 0 i,B:iifxhi>tK mm^ib^ 1 5 ox:iEm 

[ 0 0 0 4 J -eoflfi. iMH4$-a«Ft^-^i: LXm^ 

[0 00 5 3 -f-<?5^c46, mfzizmrmmiizm.tii>^ ms 

-Al -Ca-Mn^-^^ (^tWT6 - 2 5 7 9 0#) 
t>^^^ilhl,zm.-^fz. ClZX'ii. mzC a/A 1 OJt 
^0. 7.»iL<{iO. 7 5JiLhfc-rSf:-v^^^i^'> 
A-^4'fcB^Bai-^?.^tii^^c7)fflM?^®*-'^-fkt, Mg- 
C a-fb^*iaai L-C@ix^:«ia^#14t:S^-r i a iz 
^tbLX\^^. 
[0006] 

[3%Hj*^')K^tioi:-r-l.igS] L*>L^r*^^, Ca/ 
^i:$rBl<0S6<Jfct--S.. *5|H9<0®2OSe<|{4iaffl$ 

^jm. ii¥x/mzmix^mm-7^^^'^^A'^^^um 

[0007] 

^rfm-titiMzm^mf^miatimm. a i -ca^ 
-ri^^iy^j^^x'tty^^-rxhrnizitt. wmtm. 
m^mit Lfc^mx-mia^irn o ^mmiimimm 
t-rtt. ^<m^mi:m±x^?>tmmz. 
^ti?>mnzmtvfiMin¥-r^ ^ t tfix-^ s c: t s- 



(3) 



#ffiT9-2 7 2 94 5 



m^. i&T-rhmifiii,zh^mism^t:m^-rhrziibi,zc 

a/A \itiO. TijUitcffifirf^ <fc 3 iZ:^JUi^^J:.i 
m^tZbti^tm^tlXy^^i (i^BH¥6-25790 

[0 0 08] -?-C:T\ 3|s:||hJ{±^ -tJeM^<^»mtcS-:f 
!!^!l*>^>^0, Ca/AlJt*<0. SmTOVj/^t-i^'^A 

co^«Wtt«2ri«*:)-S.;(t*^tCT;PS-'>-A2~l 0S» 
2|=?&Bjxi±r;P5 -'>A{i2«i%JilJi^D$ix-Sit:« 

L^rVUatcCa/AlitSrO. smTfcif 

1 0 0 0 9 ] X h a>f-'>A{±v7'^->">A<0^jitc:i3 

[00101 ±Mm3mmm&imifi30uial2iTX 
§l5S^Sl80MPa (298* K : a9#gg) m±{C 
0 . L*»i>ifi®^ig^ 1 5 O'C, St^^fi 5 0 M P aT' 
tOS/hi? ';-7")$S4 X 1 Q-io/siiiT-cfc^m/^ 

u -rttsr^-r ( J I s z 2 2 7 1 r^mmn<D 

^. mz^ Ca/AlJt3&«0. 6OTT*S:^JiiS^' 
[ 0 0 1 1 ] ^7t. *^BjT'{i. ±.U-7y^>'^M.-^± 

wimmsx<^m&\izm\'^h^^mmtLx . tju^-^m. 

2~6M:%St/";<?;l/'i^'>A0. 5~4Mfi%2-^W 



{f, Ca/Allt*iO. S&T. tS-tKliCaXAl 

ib^^o. 6&.Tiz^^tui^ ^mmmm^imizx-ox 

[0012] -^^nt LXit. ^^USttti^ 
v^ta^ixTV^S (01 0#3S) . -eoJuxatLTiiflJ 

[00 13] ^i^iz^ r-(^-!-xhmizitx.. mmtm 

[00141 rJ^W^f A-X Ui-Wtmi>zmm.iMi^3 0~ 

if>. iJ'^=5r< tStailS-Sti3 0—6 O-CiiLh^T-rSd 

[0015] ^i>-^ii^mm^C:>cr>WSlX$>?>cr>X'WSl 
JS5:*j**/h$ < C i: c:<^:«rS$-ffiffl-r -& d t tc J: 

[0016] miz. ztL£><7)m±tiXx/^mi^mm^ 
mm(,zts\,^xmmm3 o%aTizii\^x^mzmj-r 

iz^m.ffjx'hh. Ltzifi->x. z<r>^^m^m^'iro 
^mmmm<7)mnmtii3o%\:xTX'h^<^ti^iBt. 
~m\,zmimim^^Hbmi'i^{>wmm^i>^m 
b M^hti h tK ■¥mi)i'^x'\mwim\ ■> b ssBtt*-- 

<. ^±^j:m&mit:%^Zbi}imib^^. 

[0017] miz;itLti><om\mm<7)^mmti^3 ou 
mi:xT(r>m. i^izm/m.i}<iz^<^±-ri>zbi}iM.\>^iii 

[00181 ±iev^4^^">A-^^*<Stcffi|S. 

^<mmtfziimm^m^^iz]Sj±^ii:i> i,er)X'$> 

[00 191 
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^>r;l':3'>'#H^<5D3iAP 7 SriloTi^ U ^^4 



[0020] mmmi-iRx/itm^i 1-5 

[002 1] 
[^1] 









A 1 


C a 


S i 


Mn 


S r 


Ms 




Mgr-3A l-2Ca 




2. 9 8 


2.05 


0. 3 0 


0. 25 








Mg-4Al-2Ca 




3. 9 5 


2.0 2 


0. 30 


0. 32 




t 


mmms 


Mfir-4Al-3Ca 




4. 0 2 


3. 06 


0. 25 


0. 28 




t 




Mg-6A 1-3C a 




5. 9 7 


3. 1 0 


0. 28 


0. 30 




t 




Mg-4A I-2Ca-0. 03S 


r 


3. 8 7 


2.06 


0. 25 


0. 25 


0. 03 


t 


11%^ 6 


Mg-4 A I-2Ca-0. 09S 


r 


4. 02 


1.98 


0. 3Q 


0. 2 3 


0. 0 9 


t 




Mg-4A l-2Ca-0. 1 5S 


r 


4. 05 


2. 1 0 


0. 2 3 


0.25 


0, 15 


t 




ASTM AS41^^ 




4. 39 




0. 45 


0. 2 8 




t 




Mg-9Al-0. 5Ca 




8. 7 0 


0.49 


0. 9 0 


0. 2 1 




T 




ASTM AZ91D4i^ 




8. 8 4 




0. 0 2 


0. 22 




t 




Mg-4Al-4Ca 




4. 02 


3. 96 


0. 3 2 


0. 32 




t 




Mg-3A 1-3C a 




2. 7 5 


2.71 


0, 2 7 


0. 36 




t 



[0022] ^^M^«a«t«>:^4 5 0 1 (o-ri^y^ 

5 0m/s. *fajE:^3l<;7OOkg/cm2-Cfc0. ^ 
X;l^«0^<OS^tr?8EffiSmT<Oiag5 5 0~5 8 0 

•cfcis^L-^i. iiLtco^m^mzx . 3\mm}^ ( j i 

S4-^M^) J I S Z 227 1(=a-:J 

<?l5giJ'U-7°tS^:^{Cck 0 1 5 0°C. SOMPa-C 

coi^'j-y^irmiLti. ifems-ia2fc^-t. 

lC^S-7:;^*>'^A-^^(i:it^3<7)AZ9 1 Di 

1^ V -ymzmti^ t a s 4 i i o B:? u -r# 

[00 2 3] tfz. 'f>'XhD^?l5SsEi^«{cJ:'5:?D 

A*^2|s%HJ(^eH2~6MS$:®t^JtWJ2, T)U$. 
— •>AS,lX;*;l/>">A{i3ls:%Hj(7)3gH{c$>§*J^ C a/ 

2— 6afi%. >>yW>">A0. 5~4MM%S"^^rL« 
C a/A 1 ifc*«0 . 8tlTc^|QiCTtt@fU:WS-S^-r 

[0024] 
[^2] 





A I M 


C aM 










(%) 




3. 9 5 


2. 0 2 


6. 7 


llite«3 


4.02 


3. 0 6 


7. 0 


%m^4 


5. 9 7 


3. 1 0 


5. 2 




8. 70 


0-4 9 


0. 8 


itK^4 


4. 02 


3. 96 


1. 2 



[0025] -eCT\ lfelS0lJi:ifc«?«?!l(ctJV^T. C a/ 
A lit^i:±iaWi:<?)K«Sria3{c0^L/c. 
ii>C a/A 1 it^O . 8^mJL?>tm/i^M.WLlZ{SiT-r 
h:iti3-m-^. ^:ix\ Ca/AiJttg/h^'U-r 
^M:&b<r>mi%^^ht. aetc^-riaic, ca/A 

u -rmm^t =3: 0 > Mfcit^ V -y^izmti& z t 

[0 02 6] ttz. ia4tC^-rstSffl^S:fflVK 0^ 
»*<#^>ii/i. JiixJ: 0 C a/A 1 Jt^An t,ZiS^< t 

Sim.wiixi!}mmm±^:^~y<-y u-miz^-ri *k c 

a/A 1 0 . SJilTT'ii^iOJ: d =3ri§itS>Jix{i— 
[0027] 
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[^3 3 





C a/A 1 SfiJt 






0. 6 9 






0. 5 1 


mi. 




0. 7 6 






0. 5 2 


ML 


immi 


0. 9 9 


wo 




0.9 9 


W5 



[0028] -^tzmmf^eomw^tf'^K^i, t . m 

[0029] mmm2c7>^±mtiim\'K m7izin-tm 
mx.itmmm^mi.z^^mmm.m^^mt^'^xmm'^ 
comamtr^it^-t. &p<7):f3mtzmm^m\^-^. 

>ommm3o%^mx.^tm.m^ii^MMizmT-r?>, z 
commnifmu^<r>m}m^miz^m^^x. h <n 

[0030] ^fmmmxii-7y:^i^^j>.'^^mtt^^t 
mmmzmmi:^ t'xtujiM^-^x. t*3 < t , mm 

\mm(D\% o ifimixx ^^hzt immt^ h . 

[00 3 1] 

(cfeV^TC a/A 1 Jfc^SJfflltT^ffifcrtjJtSW:?' U- 
>'X$ •yi'a >'SfiaiJJ:t^D-y;<^-T— A^:ff(?)X>'>? 

h ?S T'^SS'Jix^^'\(OM« # Loo . 



[01 ] ^^mzi^^mm^mm/m^m^fizm 
[112] ^m^y:^'>^j^'^m^mm<7)i'v—m 

[03 ] =S-SVi5<^$/'>A^^SPW<7)C a/A 1 

[04] ^jtliJixMllffl^ Sr ^«B&ia-es> s , 
[05] llffl@i:?f§i^rai:<0M^$-^-rj5^77-C«> 

[06] ^m-?y^'>^j>^-^m&mt<7)m^^ v - 

[07 ] ^m^y^^-i^^M.'^com^jxiiwmm^m. 
*^rr«ES0r«>s. 

[08] m7<r>^^^mLxm^Lfzmmm2<D-^ 
^imiziiif?>mismbmM^t(7)m^^^-r:^yyx' 

[09] ^MM 3 O-^^ffliS*^ 4.^$iX7tgB«<^)T 

[010] tfa:M(D^\>^±m&biifn:^(oi>^^mm. 
^im Lfz^<7)wm^^m§^^^rti^mx'ht. 



1- 

2- 
3- 
4- 
5- 
6- 
7- 
8- 
9- 
1 ( 
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[09] [HIO] 
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